Introduction
have recently proposed an augmented version of their threefactor asset pricing model. They add two factors to their model: an investment factor and a profitability factor. These factors are associated with the drivers of stocks prices in the q-factor asset pricing model or in the investment capital asset pricing model (ICAPM). They are thus well-known in the portfolio theory. For instance, Cochrane (1991) was the first to rely on the qtheory to price assets. Hou et al. (2014) have also experimented with a new factor model that consists of a market factor, a size factor, an investment factor and a profitability factor-i.e., return on equity. In complement to these previous articles, Fama and French (2015) study the relevance of CMA 1 and RMW 2 -respectively the investment and profitability factor-in their original three-factor asset pricing model.
More precisely, Fama and French (2015) intend to study the interactions of CMA and RMW with their original three-factor model. Actually, they find that their value factor (HML 3 ) seems to become redundant for describing asset returns in the sense that RMW and especially CMA seem to capture the risk dimensions of HML: when adding CMA and RMW in their asset pricing model, the factor loading of HML is no longer significant. Actually, firms whose stocks have a high book-to-market ratio tend to invest less and also to be less profitable. Alternatively, firms whose stocks have a low book-to-market ratio tend to invest aggressively and be profitable (Fama and French, 2015) . The factor HML thus interacts with CMA and RMW, this interaction being so high that it would eliminate HML from the pricing model. However, as mentioned by Fama and French (2015) , the redundancy of HML may be attributable to their sample and other studies must be achieved before arriving at this conclusion. According to Fama and French (2015) : "This result is so striking we caution the reader that it may be specific to this sample".
In this study, we apply the new Fama and French five-factor model to a sample of hedge fund strategies' returns. We first aim at testing the redundancy of the value factor (HML) when adding CMA and HML in the Fama and French three-factor model. In the hedge fund industry, the size factor (SMB) is also very important to explain returns. We must also consider the impact of the two new factors on the loading of SMB 4 since there are also interactions between size, investment and profitability. Second, we explore whether the introduction of the two new factors attenuates the alpha puzzle observed in the hedge fund industry. As assessed by Fama and French (2015) , "if an asset pricing model completely captures expected returns, the intercept is indistinguishable from zero". If the alphas of the hedge fund strategies are reduced in the five-factor model compared to the three-factor one, this will be an indication of the "completeness" of the five-factor model.
Our empirical results show that the HML factor is quite redundant for most strategies' returns but in several cases, the coefficient of HML remains significant when adding CMA and RMW. The impact of HML in the three-factor model is shared between CMA and RMW. It is difficult to establish that most of the impact of HML is absorbed by CMA, as suggested by Fama 1 CMA is the abbreviation of "conservative minus aggressive"-i.e., a portfolio which is long in stocks of firms with a low ratio of investment to assets and short in stocks of firms with a high ratio of investment to assets. 2 RMW is the abbreviation of "robust minus weak"-i.e., a portfolio which is long in stocks of robust firms in terms of profitability and short in stocks of weak firms in terms of profitability. 3 HML is the abbreviation for "high minus low"-i.e., a portfolio which is long in stocks of firms having a high book-to-market ratio and short in stocks of firms having a low book-to-market ratio. 4 SMB is the abbreviation for "small minus big"-i.e., a portfolio which is long in stocks of small firms and long in stocks of big firms.
and French (2015) . As the coefficient of HML is usually negative in our regressions, the coefficients of CMA and RMW are also negative. In our sample, hedge funds thus prefer aggressive firms over conservative ones and weak firms over robust ones. Hedge funds are thus in line with the Fama and French's (2015) new puzzle related to portfolios of small stocks whose returns behave like of firms that invest a lot despite low profitability. However, according to the theory of implicit contracts in economics, firms may overinvest to relax their financing constraints 5 (e.g., Fazarri et al., 1988; Thomas and Worrall, 2014) . In this respect, the fivefactor model does not mitigate the hedge funds' alpha puzzle: the alpha is insensitive to the two new factors. As a robustness check, we add to the five-factor model the seven factors proposed by Fung and Hsieh (1997 , 2001 to price hedge funds' stocks. Our results are essentially unchanged. This paper is organized as follows. Section 2 discusses the Fama and French five-factor asset pricing model and exposes the methodology used in this study to test the redundancy of HML in the presence of CMA and RMW. In Section 3, we present our data and analyze our empirical results before concluding in Section 4.
The q-factor model and the Fama and French five factor model
The first order condition of the q-factor model stipulates that firms will continue to invest until the marginal cost of investment is equal to its marginal benefit or Tobin's q (Tobin, 1969; Hou et al., 2014) :
where I it is the investment level of firm i; Ait is the level of firm's assets; E t [.] is the expectations operator conditional on the information set available at time t; Mt+1 is the discount factor and 1 it   is the investment cash-flow. The LHS of (1) is the marginal cost of investment and its RHS, its marginal benefit of investment-i.e., Tobin's q (1969) . Equation (1) may be rewritten as follows:
According to equation (2), the stock expected return is related positively to its expected profitability as measured by 
where it R is the firm's stock return and rft is the risk-free rate; Rmt is the market portfolio return; SMB is a diversified portfolio which is long in small firms' stocks and short in big firms' stocks;
HML is a diversified portfolio which is long in firms whose stocks have a high book-to-market ratio (i.e., value stocks) and which is short in firms whose stocks have a low book-to-market ratio (i.e., growth stocks); CMA is a diversified portfolio which is long in firms embedded with a low investment to assets ratio and short in firms with a high investment to assets ratio. Finally, RMW is a diversified portfolio which is long in firms with high profitability (in terms of net operating revenue to assets or ROE) and short in firms with low profitability. The addition of the CMA and RMW factors captures the two drivers of expected returns in the q-factor model (equation (2)).
The presence of the SMB factor in the return equation may be questionable since it is not a component of the q-factor model. But we must understand that the CMA and RMW factors are only proxies for the investment and profitability factors: they are measured with errors. In this context, every factor which helps forecast returns has its place in the asset pricing equation.
And since SMB remains a significant factor in the Fama and French's (2015) experiments even after adding CMA and RMW in the Fama and French (2015) experiments, it remains valuable to price assets. In this respect, an empirical asset pricing kernel must span all the states of nature relevant for the estimation of a stock return. If SMB span dimensions of the state space not covered by CMA and RMW, it has a role to play in the return equation 6 .
Similarly to the market risk premium and SMB, the CMA and RMW factors command a positive premium. In this respect, given firm's profitability, a decrease in Iit in equation (2) leads to an increase in E (ri, t+1) . This relationship is well documented in the financial literature (e.g., Hou et al., 2014; Fama and French, 2015) . Irving Fisher (1930) has established a negative relationship between return and investment-i.e., the marginal productivity of capital schedule.
Moreover, when the cost of capital as measured by ri is high, the level of investment is low because a high cost of capital is associated with a low VAN, all else equal. There are thus many justifications to the negative relationship between expected return and the level of investment.
The CMA factor captures this relationship. In other respects, according to equation (2), firms with high profitability provide higher expected returns than firms with low profitability. The RMW factor embeds this relationship.
Fama and French show that, at least at the theoretical level, the CMA and RMW factors substitute to the HML factor. To do so, they rewrite the seminal Miller and Modigliani (1961) equation in terms of the book-to-market ratio:
where t Y   is earnings for period t   ; Bt is the equity book value; dBt is the change in Bt, 7 and r is the expected stock return. According to equation (4), a higher book-to-market ratio implies a higher r. Moreover, a higher book-to-market entails a lower profitability ( t Y   ), all else equal. Finally, a higher book-to-market ratio is related to a lower level of investment. Therefore, CMA and RMW substitute to HML.
Empirical results

Data
The hedge fund strategies' returns are taken from the database managed by Greenwich Alternative Investment (GAI). GAI manages one of the oldest hedge fund databases, containing more than 13,500 records of hedge funds as of March 2010. Returns provided by the database are net of fees. The survivorship bias is accounted for in this database, as index returns for periods since 1994 include the defunct funds. The dataset runs from January 1995 to September 2012, for a total of 213 observations. In addition to the weighted composite return, the database includes 9 return series of well-known hedge fund strategies. Finally, the Fama and French factors are drawn from French's database 8 and the Fung and Hsieh lookback straddles come from Hsieh's database 9 . Figure 1 provides the cross-correlations of the CMA, RMW and HML with the market return (mkt) and between themselves. The correlation of CMA and RMW with mkt is negative and high in absolute value at time t, and RMW is even correlated negatively with mkt at time t+1. HML is also negatively related to the mkt a time t but the correlation is positive and significant at time t-1. These factors thus tend to have a higher expected return when the market trends downward and vice versa when the market trends upward.
Insert Figure 1 here
Stylized facts
At time t, the correlation of CMA with HML, at 0.65, is higher than the correlation between RMW and HML, i.e., 0.52, but the correlation between RMW and HML is much more persistent. This indicates that RMW and HML share common cycles. Overall, cross correlations show that the interactions between RMW and CMA, on the one hand, and HML, on the other hand, are high.
Insert Figure 2 here A look at the plot of orthonormal loadings of the Fama and French factors computed with the principal components analysis might help to see the links between them. According to Figure 2 , CMA and HML are very close factors, which does not seem the case for RMW. Not surprisingly, SMB is close to the market factor.
Insert Figure 3 here Figure 3 , which plots the spectra of the factors, gives a different picture. Spectral analysis is used to compare the dynamic aspects or cycles of the factors' time series. We have indicated the length of the cycles on the plots. The business cycle frequency corresponds to the shaded areas-i.e., it is contained in the interval ranging from 18 months (six quarters) to 120 months (40 quarters) (DeJong and Dave, 2007) . The spectra which are the most similar are those of HML and RMW. Both have a peak in the zone of the business cycle frequency and another at a cycle lasting 3.5 months. Similarly to the market factor, the spectrum of CMA is more akin to the one of a random variable.
Insert Table 1 here We can get a better grasp of the links between the factors by running Granger causality tests (Table 1 ). The Granger test between CMA and HML is significant in both directions: HML Granger causes CMA, and CMA Granger causes HML, the latter test being more significant than the former. In other respects, RMW Granger causes HML, this test being more significant than for CMA. However, HML does not Granger causes RMW. Surprizingly, SMB Granger causes CMA and RMW, suggesting that the link between SMB and the two new factors is quite close. Size does impact investment and profitability.
Summarizing, it is difficult to assess a priori which of CMA or RMW is closest to HML. That depends on the framework we adopt. In a static framework, CMA seems closer to HML while in a dynamic one, RMW is closer. But regardless of the perspective, the links between these three factors are strong even if we can discard that CMA and RMW are perfect substitutes to HML. Consequently, the redundancy of HML is not established by the stylized facts.
Testing the redundancy of HML
To further investigate the issue related to the redundancy of HML, we first estimate the Fama and French (1993) three-factor model with our sample of hedge fund strategies to measure the relative importance of this factor:
We then estimate the five-factor model (equation (3)) with and without HML to see how the weight of HML is redistributed between CMA and RMW. Before analyzing the results, note that we have included an ar(1) term in our estimation process to account for the autocorrelation of order 1 between returns. If markets are efficient, there should be no autocorrelation between returns because otherwise they become predictable. But in the hedge fund industry, autocorrelation may be due to return smoothing or to infrequent trading giving rise to illiquidity (Okunev and White, 2003; Pástor and Stambaugh, 2003; Getmansky et al., 2004; Chan et al., 2007; Brown et al., 2012; Chen and Tindall, 2012) . This autocorrelation contributes to hide the effective risk in the hedge fund industry. Moreover, it gives rise to estimation biases if not accounted for. We rely on an ar(1) term to tackle autocorrelation created by return smoothing or illiquidity in our estimations (Okunev and White, 2003; Bali et al., 2014) 10 .
Insert Table 2 here Table 2 provides the estimation of equation (5) for the hedge funds' general index and for strategies. Note first that the explanatory power of the three-factor model is good for the general index and for many strategies-i.e., long-short, growth, short-sellers and value indexthe adjusted R 2 exceeding 0.75 in these cases. However for other strategies-futures, macro and equity market neutral-this model has a very low explanatory power. The adjusted R 2 seems colinear to the market beta: the higher the beta of a strategy, the higher its R 2 . Most strategies display a significant ar(1) coefficient, which suggests illiquidity and return smoothing in the hedge fund industry. The coefficient of autocorrelation is also nonnegligible for these strategies, ranging from 0.14 for the market neutral strategy to 0.31 for the distressed securities strategy. Three strategies do not show any evidence of autocorrelation: macro, short-sellers and futures.
As expected, the beta is generally low in the hedge fund industry, and usually much lower than the market portfolio beta which is equal to one by definition. Over the whole sample period, it is equal to 0.29 for the general index with a maximum of 0.59 for the growth strategy. Note that short-sellers which are involved in a contrarian strategy with respect to the market display a negative beta (-0.80) which is quite important in absolute value. Some strategies have a beta close to 0, like futures (-0.06) and equity market neutral (0.07).
The second factor in importance which impacts hedge fund returns is SMB, its estimated coefficient being 0.23 for the general index. Except for short sellers, hedge funds generally prefer a positive exposure to the stocks of small firms over the stocks of big firms. Strategies with a higher beta usually display a higher exposure to SMB. The negative exposure of short sellers to SMB, at -0.54, is once more quite high.
The factor which interests us in this study, HML, is also usually a significant factor for hedge fund strategies, albeit less important than SMB. Hedge funds usually short HML. They thus tend to prefer growth stocks over value stocks. For instance, the negative exposure of the general index to HML is equal to -0.12. Once more, the relative exposure of hedge fund strategies to HML is in ascending order of their exposures to the market return and SMB. In this respect, the exposures of the growth and opportunistic strategies are equal to -0.37 and -0.23, respectively. Since short-sellers follow a contrarian strategy compared to the other ones 11 , its exposure to HML, at 0.50, is positive and high in absolute value. It is in line with its substantial negative exposure to the market and to SMB.
Insert Table 3 here Table 3 provides the estimation of the complete Fama and French five-factor model (equation (3)) and the estimation of the corresponding four-factor model excluding HML. These estimations aim at testing, on the one hand, whether the impact of HML becomes redundant when including the two new factors CMA and RMW, and, on the other hand, at analyzing how the weight of HML is redistributed between CMA and RMW when omitting it from the fivefactor equation. Fama and French (2015) found that HML has a tendency to become redundant when including CMA and RMW in their original three-factor model. They also suggest that the exposure to HML in their three-factor model will be mostly captured by CMA than RMW. We now investigate if these results hold in the framework of our sample.
First, we observe that HML becomes usually redundant when introducing CMA and RMW in the factor model. It is the case for the general index and the following strategies: longshort, macro, value index, event driven strategies 12 . Note that the weight of HML in the threefactor model is shared between CMA and RMW and not exclusively by CMA. Moreover, the sum of the exposures to CMA and RMW is higher, in absolute value, than the exposure of hedge fund strategies' returns to HML in the three-factor model. However, for four strategies-i.e., growth, short-sellers, equity market neutral and opportunistic index-HML remains significant when shifting from the three-factor to the five-factor model. Excepting the equity market neutral strategy, the exposure of these strategies to HML is relatively high in the three-factor model. For instance, the exposure of the growth strategy to HML is equal to -0.37 in the threefactor model. It decreases (in absolute value) to -0.19 in the five-factor model, and the exposures to CMA and RMW are equal to -0.20 and -0.28, respectively. For one strategy-i.e., the short sellers-the exposure to HML does not decrease when adding CMA and RMW to the set of factors. It remains at 0.50, significant at the 5% level, and the CMA and RMW factors are not significant. When dropping HML, the coefficients of CMA and RMW are equal to 0.62 and 0.36, respectively, both significant at the 5% level, suggesting again that HML may embed the impacts of CMA and RMW consistent with the Granger causality tests.
Except for short sellers which adopt a contrarian strategy, the exposures to CMA and RMW is negative for the hedge fund strategies. Therefore, hedge funds tend to prefer, on the one hand, firms which invest a lot to firms which invest less, and, on the other hand, weak firms to robust ones. These exposures parallel the hedge fund strategies' exposure to HML which is 11 Excepting the futures strategy. 12 Note that we list only the strategies which have a significant exposure to HML in the Fama and French three-factor model. negative in our sample. However, as mentioned previously, HML firms tend to have a low investment ratio and tend to be less profitable. Thus, the positive link between CMA and HML is more obvious than the positive link between RMW and HML. RMW may embed risk dimensions which are not included in HML. For instance, the distressed strategy is neither sensitive to HML nor CMA but reacts negatively and significantly to RMW. Indeed, the distressed strategy is oriented toward the investment in stocks of weak firms which have a potential to recover.
In other respects, the five-factor model does not mitigate the hedge fund alpha puzzle. Shifting from the three to the five-factor model does not decrease the strategies' alpha: it even increases for many of them. In this sense, for hedge funds, the five-factor model is not a "more complete" model than the three-factor model.
Summarizing, consistent with the Fama and French's conjecture, our results show that for the majority of the strategies, the CMA and RMW factors substitute to HML. However, this is not always the case. When the HML coefficient is high and significant in the three-factor model, it tends to remain significant in the five-factor model even if the two factors associated with the q-factor model are also significant. When removing the HML factor in this situation, the exposures to CMA and RMW factors increases significantly in absolute value, which confirms the strong interaction between the three factors. Overall, consistent with the stylized facts, HML seems to embed information not contained in the other factors even if they are strongly interactive. In this respect, we cannot assess that CMA captures most of the weight of HML in the four-factor model-i.e., which excludes HML-since RMW usually absorbs a nonnegligible portion of the weight of HML.
Robustness check: An augmented version of the five-factor model encompassing the Fung and Hshieh empirical model
As a robustness check, we augment Fama and French's five factor model with the seven factors proposed by Fung and Hsieh (1997 , 2001 to account for the dynamic dimensions of hedge fund strategies. These factors comprise five categories of straddle lookbacks, the change in the ten-year interest rate, and a change in the credit spread. The lookback straddleswhich are especially useful to study the trend followers-are: the bond lookback, the stock lookback, the short-interest lookback, the currency lookback and the commodity lookback. Following the addition of these seven factors, our return model takes the following form:
  
where d(CredSpr) stands for the change in the credit spread-i.e., the spread between the BBB and AAA U.S. corporate bond yields; d(10Yt) in the change in the rate of the 10-year U.S. federal government bond. Insert Table 4 here Table 4 provides the estimation of equation (6) for the hedge fund general index and strategies. While there was no obvious change in the adjusted R 2 when shifting from the three to four-factor model 13 , introducing the seven Fung and Hsieh factors in the estimation leads to increases in the adjusted R 2 which may be substantial for some strategies. For instance, while the four-factor model has no explanatory power for the futures strategy, the adjusted R 2 associated with the eleven-factor model is equal to 0.34 for this strategy. Option-like trading strategies thus play a great role for futures, all lookbacks being significant in its equation. The adjusted R 2 of the macro strategy also jumps from 0.15 to 0.30 when using the eleven-factor model rather than the four-factor one.
Adding the seven Fung and Hsieh factors has only a marginal impact on the estimation of the coefficients associated with the Fama and French four-factor model. The lookbacks impacting the most hedge fund strategies' returns are the short-interest, stock and currency lookbacks. The short-interest lookback affects significantly all strategies except short-sellers. The strategies have a negative exposure to this kind of lookback. Note that, with a correlation close to 0.70, the short interest lookback is the most related to the first principal component of the five Fung and Hsieh's lookbacks. This component has a negative beta (-0.10) and thus helps immunize against market risk. Our results thus suggest that the short-interest rate lookback plays a major role in the hedging operations of hedge funds. The general index and many directional strategies-i.e., long-short, macro and growth-have a positive and significant exposure to the stock lookback. Moreover, as expected, strategies more involved in arbitragei.e., distressed, event-driven and equity market neutral-display a negative and significant exposure to the bond lookback. In addition to the general index, many strategies-i.e., longshort, value index, distressed securities and event-driven-have a negative and significant exposure to the change in the credit spread.
Finally, the addition of the Fung and Hsieh' s seven factors to the Fama and French's four-factor model does not help solve the hedge fund alpha puzzle. It even exacerbates it in many cases, the alpha being greater for many strategies. It seems that other factors must be considered to mitigate the puzzle.
Conclusion
To the best of our knowledge, this study is the first to transpose the q-factor model to hedge fund strategies. The advantage of this model is that it relies on a robust theoretical framework. We showed that it proves useful to better describe the hedge fund strategies. The new factors CMA and RMW are very significant for a majority of strategies. In our sample, hedge funds seem to prefer weak firms to robust ones, but also firms with a high investment ratio to firms with a low one. This selection is akin to the puzzle discovered by Fama and French (2015) in their experiments.
In contrast to Fama and French (2015) which seem to assess that HML is redundant when adding CMA and RMW, we cannot be so categorical regarding our sample of hedge funds' strategies. Consistent with Fama and French's (2015) conjecture, HML becomes redundant for many strategies when adding the two new factors. However, for some of them-especially when HML weights heavily in the three-factor model-HML coexists with CMA and RMW. HML thus seems to embed risk dimensions which are not included in the Fama and French new factors.
In contrast to the study of Fama and French (2015) where the alpha tends to zero in their five-factor model, the addition of CMA and RMW does not solve the hedge fund alpha puzzle: alpha is robust to the inclusion of these factors. We also find that the Fung and Hsieh (1994 , 2001 factors-which account for the option-like trading strategies followed by hedge funds-add more explanatory power to the hedge fund return model than the two new Fama and French factors 14 . But once more, the Fung and Hsieh factors do not solve the hedge fund alpha puzzle. They even exacerbate it.
14 When excluding HML. Tables   Table 1 Granger causality tests Notes: When the test accepts the hypothesis of causality, its p-value has one * if the test is significant at the 10% level and ** if the test is significant at the 5% level. Table 2 The Fama and French three-factor model Notes: gi is the return on the GAI general index. The list of the selected strategies is: ls (long-short); macro; gr (growth); ss (shortsellers); fut (futures); vi (value index); ds (distressed securities); ed (event driven); emn (equity market neutral); oi: opportunistic index. The t statistics are in italics. mkt_rf is the market risk premium. ar (1) is an autoregressive factor of order 1. Table 3 The Fama and French four-factor and five-factor model Notes. For each strategy, we test the five-factor model including HML (first two rows) and the four-factor model excluding HML (last two rows). The t-statistics are in italics. See Table 2 for the list of the return variables. -0.15 -0.19 -0.12 -0.40 0.40 0.06 -0.11 -0.07 -0.12 -0.08 -0 
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Notes: This plot is built with the two first components resulting from principal components analysis applied to the Fama and French's (2015) five factors.
Figure 3 Spectra of Fama and French's factors
Notes: These spectra are built using an AR(p) model. Specifically, the spectrum is a decomposition of the variance of a time series by frequency-the cycle frequency being low near the origin add increasing progressively till  . Comparisons of the height of the spectrum for alternative values of frequency indicate the relative importance of fluctuations at the chosen frequencies in influencing variance in the time series. A spectrum having a peak near the origin indicates that the series is very persistent through time: its autocorrelation function declines very slowly. A spectrum having a peak in the shaded area indicates that this time series has a cycle in the conventional business cycle frequency. A spectrum which shifts to the left through time indicates less volatility for the series, i.e. a more stable series. Shaded areas correspond to the business cycle frequency, which is comprised between 6 and 40 quarters (DeJong and Dave, 2007) . 
